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ABSTRACT 
The convergence among house prices has attracted much attention from researchers. 
Previous research mainly utilised a time-series regression method to investigate 
convergences of house prices, which may ignore the heterogeneity of houses across cities. 
This research developed a panel regression method, by which the heterogeneity of house 
prices can be captured. Seemingly unrelated regression estimators were also adapted to 
deal with the contemporary correlations across cities. Investigation of the convergence 
among house prices in the Australian capital cities was carried out by using the developed 
panel regression method. Results suggested that house prices converge in Sydney, 
Adelaide and Hobart but diverge in Darwin. 
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INTRODUCTION  
Variations in house prices may cause significant impacts on economy at both national and 
regional levels. The variations may also potentially influence in migration and investment 
mobility across regions. Therefore, it is important to understand whether a long run 
equilibrium relationship exist between house prices across a country. In other words, 
there is considerable value to find out whether house prices across regions will converge. 
The convergence in regional house prices in the United Kingdom was early studied by 
using the Kalman filter/time varying parameter estimation method (Drake 1995). Meen 
(1999) pointed out that the regional house prices should move proportionately. This 
supports that the differential ratios between regional house prices and a benchmark price 
level, such as a national price level or the price level of a dominant region, will converge 
to equilibrium in the long run. Much research addressed to the above issue by carrying 
out a time-series regression method. It can be generated that unit root tests, vector 
autoregression models and vector error correction models were widely used in previous 
research (Maysami and Koh 2000, Cook 2005, Luo et al. 2007, Chien 2010). However, 
those time-series regression methods fail to capture the heterogeneity of house prices, 
 573 
 
which is regarded as an important characteristic caused by the immobility of houses. The 
ignorance of heterogeneity may lead to unreliable estimations of the regressions. In 
addition, contemporary correlations across regions cannot be captured either by an 
ordinary least square (OLS) estimation method applied in previous research. Holmes and 
Grimes (2008) introduced a panel regression method to improve the conventional unit 
root tests. The convergence of house prices across the U.K. was investigated. It was 
suggested that the panel regression method some advantages in measuring long run 
convergence among regional house prices. 
This research used a panel regression method to establish the model for quantifying the 
house price convergence. The heterogeneity of house prices could be taken into account 
by allowing the estimated parameters in the panel system varying across regions. In order 
to capture the contemporary correlations between regions, a seemingly unrelated 
regression (SUR) estimator was adapted to estimate the model. This developed model 
was applied to investigate the convergence among house price indices in the Australian 
capital cities. The next section of this paper illustrates the methods used to test 
convergence. The following sections introduce the Australian house price indices used in 
this research, and report the convergence among house prices in Australian capital cities. 
The final section forms the conclusion. 
 
A PANEL REGRESSION METHOD FOR CONVERGENCE 
INVESTIGATION  
Convergence for a regional house price is defined as its stationary property. Once a 
regional house price series is confirmed as stationary, it will have a steady state in the 
long run. The conventional investigation method is based on the stationarity test for a 
time-series. The Dicky-Fuller (ADF) unit root test is one of the most widely used 
techniques to test the unit root of difference between the house price in a specific region 
and a benchmark (Dicky and Fuller 1979). Denote ottt ppd  , where tp  and tp0  
stand for the house prices of a specific region and the benchmark respectively, at time t. 
The stationary properties of td  indicates the house price in that region shall move 
proportionally with the behaviour of the benchmark in the long run. The calculation of the 
test is expressed as follows: 
t
q
s
ststtt ddd   


1
1     (1) 
The t statistic is then employed to examine the significance of the estimated coefficient 


, with the null hypothesis of 0 . The rejection of the null hypothesis suggests that 
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td  is stationary, which also indicates that td  should converge to a steady equilibrium. 
On the other hand, the acceptation of the null hypothesis rejects that td  is stationary and 
convergent in the long run. The current value of a time-series is always correlated with 
the previous values. It will lead the autocorrelations between the disturbers. The series 
autocorrelations may cause the results of the t statistics to be unreliable. This problem can 
be resolved by the temporal lagged term, stst d   , where the subscript s denotes the 
number of lags.  
Although the series correlation can be filtered by temporal lags, the heterogeneity of 
house prices across regions cannot be dealt with. Holmes and Grimes (Holmes and 
Grimes 2008) extended the techniques by introducing the panel data regression. The 
panel regression model ADF unit root tests is expressed as 
tttt DDD   11    (2) 
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This procedure is able to address the problems associated with the presence of cross-
sectional dependency among the regional house prices. Seen from Eq. (2), heterogeneity 
between house prices are captured different the estimated parameters across regions. 
Moreover, the SUR estimation assumes the error terms of different equations,    , should 
be correlated with each other contemporarily. That means the variance-covariance of the 
error terms should be calculated by 


 

otherwise
st
E jsit
,0
,
)(
2
 . Therefore, the panel 
regression method is more powerful than the individual regression with an OLS method.    
 
DESCRIPTION OF HOUSE PRICES IN AUSTRALIAN CAPITAL CITIES  
This research used the House Prices Indices (HPI) to represent the house prices in 
Australian capital cities. The HPI of the eight state capital cities of Australia were 
collected from the publications of the Australian Bureau of Statistics (ABS 2009). The 
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period chosen was from the December quarter 1989 to the December quarter 2008. The 
indices are constructed by using a stratification approach. In each period the median price 
movement is calculated for each stratum and used to construct a stratum level price index 
(ABS 2005). The aggregate index is calculated by weighting together the individual 
stratum index, where the weights represent the relative significance of the stock of 
dwellings in each stratum. The indices are based on the quarterly house prices for 
established and newly erected dwellings and each capital city’s house price indices based 
on 1989-90=100. The reference base of the published HPI changed for the 2003-04 
financial year after the September quarter 2005 (ABS 2005). In order to maintain 
consistency, the old reference base (1989-90) was used in this research. The method used 
to convert the re-referenced data to the previous base is described as
04039089   HPIwHPI , where 9089HPI  denotes the house price index on the base 
1989-90 = 100, 0403HPI  denotes the house price index on the base 2003-04 =100, and 
w  is the converting factor. The data used in this empirical study are available from the 
authors upon request (Ma 2010). 
 
CONVERGENCE INVESTIGATION FOR HOUSE PRICES IN 
AUSTRALIAN CAPITAL CITIES  
This research used the ADF unit root test to investigate the stationarity of ratios between 
the HPI and the national level in the Australian capital cities. The null hypothesis of non-
stationarity is performed at a 5% significance level. Three forms of ADF unit root test 
based on Eq. (1) were calculated, the results of which were reported in Table 1. Three 
forms include a test containing no intercept or trend, an intercept but no trend, and an 
intercept and a trend. The results show that none of the eight cities’ house prices are 
stationary at levels.  According to the results of the ADF tests in the three forms, ratios 
between local house price indices and the national level are not stationary in most of the 
capital cities. The ratio in Canberra is found stationary when the tests without trend were 
applied. This suggested that house price indices should move with the national house 
price level but the house price indices in the other cities should not converge in the long 
run perspective.  
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Table 1 – The unit root tests for house prices in Australian capital cities 
Types of tests cities 
ADF test at level 
t-statistic Sig. level Lag 
No intercept and 
trend 
Adelaide -0.7819 Na 1 
Brisbane -0.7822 Na 1 
Canberra -4.0817** Na 1 
Darwin -0.6793 Na 2 
Hobart -0.8545 Na 2 
Melbourne -1.5695 Na 0 
Perth -1.6112 Na 1 
Sydney -0.5129 Na 2 
Intercept without 
trend 
Adelaide -0.8398 Na 0 
Brisbane -1.2937 Na 1 
Canberra -3.3773** Na 0 
Darwin -1.7230 Na 2 
Hobart -1.0890 Na 0 
Melbourne -1.1164 Na 0 
Perth -1.5202 Na 1 
Sydney -0.2279 Na 2 
Intercept with trend 
Adelaide -0.2856 Na 0 
Brisbane -1.0304 Na 1 
Canberra -1.8044 Na 1 
Darwin -1.3787 Na 2 
Hobart -0.3732 Na 0 
Melbourne -1.5059 Na 0 
Perth -1.8168 Na 1 
Sydney -0.2001 Na 0 
Note: Critical value of null hypothesis at the 5% significance level is -3.4852. 
 
Since little evidence can be found to support the convergence in an individual city, the 
developed panel regression approach based on Eq. (2) was applied to identify the 
proportional convergence in the Australian capital cities. Table 2 reports the estimations 
of the model based on Eq. (2), which indicates that the house price index in a capital city 
will move together with the national house price index in the long run. The house prices, 
in Sydney, Adelaide, Brisbane and Hobart, are found proportionally move together with 
the behaviour of the national level. On the other hand, the house prices of Canberra and 
Darwin are likely to move away from the national price level, as suggested by the 
positive coefficients in these two cities. There is little evidence to support a price ratio 
convergence in Melbourne and Perth. 
Therefore, the idea can be generated that house price ratio convergence may be present in 
some capital cities of Australia, when the contemporary correlations across the regions 
are involved in the investigation model. However, the ratios of Canberra and Darwin may 
diverge. The properties in Melbourne and Perth are uncertain.    
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Table 2 – Investigation of house price differential ratio convergences 
Cities Coefficients t statistics 
Adelaide -0.0589 -3.0046** 
Brisbane -0.0340 -1.8213* 
Canberra 0.0063 0.2831 
Darwin 0.0460 2.0966** 
Hobart -0.0349 -2.1287** 
Melbourne -0.0338 -1.0890 
Perth -0.0243 -0.9656 
Sydney -0.0611 -2.0576** 
Note: * and ** denote the significances at 10% and 5% respectively. 
 
Moreover, the half-lives associated with deviations from long run steady states are 
illustrated in Table 3, indicating the convergence speeds in each city. The half-life is 
calculated by )1ln(/)5.0(ln i , where    is the estimated coefficients in the panel 
regression model. The half-lives are found to range from 2.75 years in Sydney to over 7 
years in Perth. This indicates that the adjustment speeds of house prices towards the 
national level are faster in Sydney and Adelaide. Relatively slower speeds are 
experienced by the house prices in Perth. It takes around 5 years for Brisbane, Hobart and 
Melbourne against the national level converge to the steady state in the long run.  
 
Table 3 – Convergence speeds 
Cities Half-lives (year) 
Adelaide 2.85 
Brisbane 5.01 
Canberra N/A 
Darwin N/A 
Hobart 4.88 
Melbourne 5.04 
Perth 7.04 
Sydney 2.75 
 
The long run convergence characteristics of regional house prices can only be 
investigated in Canberra by an individually estimated ADF test. When heterogeneity and 
contemporary correlations between regions are considered, the house price differential 
ratios of Sydney, Adelaide, Brisbane and Hobart are proved to move proportionately with 
the national price level, while the ratios of Darwin and Canberra diverge. 
 
CONCLUSIONS 
This research carried out an ADF unit root test to investigate the stationary characteristics 
of house prices in a specific city. A panel regression model, with SUR estimators, was 
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developed to explore the proportional convergence status of a series of regional house 
prices based on a common benchmark. The panel regression method can capture 
heterogeneity of house prices across cities, by allowing house prices to have their own 
unit roots. The SUR estimators are able to take the contemporaneous correlations among 
the disturbances, in the equation of each city, into account.  
In practice, both the ADF and panel ADF tests were applied on the house price indices in 
the Australian capital cities. Little evidence could be obtained from the ADF test to 
support the convergence among the house prices in the Australian capital cities. However, 
the convergences of the price ratios, taking the Australian national house price level as a 
benchmark, were found in some cities. It showed that the house prices of Sydney, 
Adelaide and Hobart were moving proportionally with the national price. The house price 
of Canberra and Darwin diverged. Relatively faster convergence speeds were experienced 
by house prices in Sydney and Adelaide.  
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